Rationale: As the sole nitrogen donor in nitric oxide (NO) synthesis and key intermediate in the urea cycle, arginine and its metabolic pathways are integrally linked to cellular respiration, metabolism, and inflammation. Objectives: We hypothesized that arginine (Arg) bioavailability would be associated with airflow abnormalities and inflammation in subjects with asthma, and would be informative for asthma severity. Methods: Arg bioavailability was assessed in subjects with severe and nonsevere asthma and healthy control subjects by determination of plasma Arg relative to its metabolic products, ornithine and citrulline, and relative to methylarginine inhibitors of NO synthases, and by serum arginase activity. Inflammatory parameters, including fraction of exhaled NO (FE NO ), IgE, skin test positivity to allergens, bronchoalveolar lavage, and blood eosinophils, were also evaluated. Measurements and Main Results: Subjects with asthma had greater Arg bioavailability, but also increased Arg catabolism compared with healthy control subjects, as evidenced by higher levels of FE NO and serum arginase activity. However, Arg bioavailability was positively associated with FE NO only in healthy control subjects; Arg bioavailability was unrelated to FE NO or other inflammatory parameters in severe or nonsevere asthma. Inflammatory parameters were related to airflow obstruction and reactivity in nonsevere asthma, but not in severe asthma. Conversely, Arg bioavailability was related to airflow obstruction in severe asthma, but not in nonsevere asthma. Modeling confirmed that measures of Arg bioavailabilty predict airflow obstruction only in severe asthma. Conclusions: Unlike FE NO , Arg bioavailability is not a surrogate measure of inflammation; however, Arg bioavailability is strongly associated with airflow abnormalities in severe asthma.
Model systems of allergic airway inflammation and studies in human asthma reveal that alterations in L-arginine and nitric oxide (NO [nitrogen monoxide]) metabolic pathways in the lung play a role in asthma pathophysiology (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Arginine (Arg), a semiessential amino acid, is used in protein synthesis, but is also an important substrate for enzymes such as the NO synthases (NOS) and arginases (4, (11) (12) (13) . These intracellular catabolic enzymes of Arg are induced simultaneously in various conditions of inflammation, but the activity of the enzymes are regulated by Arg availability (5) . Arginases convert Arg to ornithine (Orn) and urea, whereas NOS convert Arg to citrulline (Cit) in a reaction that simultaneously produces NO (14) . NOS type 2 expression in the airway and NO in exhaled breath are generally higher than normal in subjects with asthma (15) (16) (17) . Patients with asthma who present with acute asthma exacerbation have higher arginase activity and lower levels of Arg as compared with healthy control subjects (1) . Two isoforms of arginase enzymes may contribute to total arginase activity levels. Arginase I is highly expressed in the liver, where it serves a key role in the urea cycle, but also in cells that lack a complete urea cycle, which suggests other metabolic functions in nonhepatic tissues (18) . Arginase II is present in most tissues, including lung, and localized to the mitochondria within the cell (4, 19, 20) . Greater lung expression of both the arginase I and II gene transcripts is present in the murine model of allergic asthma as compared with control mice (5, 21) . The guinea pig model of allergic asthma confirms that arginase activity increases during the early response to allergen (2) . In the murine model of asthma, greater Arg metabolism through arginases has been definitively linked to the development of airway hyperreactivity (3) , suggesting that Arg levels and its utilization by specific pathways may serve as determinants in the physiologic characteristics that typify human asthma. However, although genetic studies in humans have reported that arginase I and II single-nucleotide polymorphisms are associated with an increased relative risk for asthma and atopy, the effect of polymorphisms on arginase expression or functional activity in humans is unknown (22) .
AT A GLANCE COMMENTARY Scientific Knowledge on the Subject
Studies suggest that alterations in arginine (Arg) metabolic pathways, such as the arginases and nitric oxide (NO) synthases, play a role in asthma pathophysiology.
What This Study Adds to the Field
In this study, we show that quantitative assessment of metabolites critical to Arg and NO pathways are informative for determination of airflow abnormalities linked to remodeling in severe asthma. In addition to arginine catabolism by NOS and arginases, the lung has another essential role in regulation of Arg metabolism via the production and clearance of methylarginines (23) . Methylated Arg is produced by a post-translational modification of proteins by Arg methyltransferases (24) . Once methylated, protein degradation releases the methylated arginines. The asymmetric methylarginines asymmetric dimethylarginine (ADMA) and monomethylarginine (MMA) may compete with Arg and serve as endogenous inhibitors of NOS (25) . Symmetric dimethylarginine (SDMA), although not an NOS inhibitor, competes with Arg for the cationic amino acid transporter, and thus can potentially modulate intracellular Arg bioavailability (25) . Efficient clearance mechanisms for methylarginines are present in the lung or kidney (in the case of SDMA), and maintain substrate availability to NOS and arginases under homeostatic conditions of health; however, higher levels of methylarginines in disease may reduce and/or redirect Arg metabolism (23, 25) . Global functional Arg bioavailability for arginases and NOS, which are intracellular enzymes, may be assessed by the ratio of plasma Arg to its enzymatic and/or metabolic products (i.e., Arg relative to the sum of Orn and Cit, and Arg-to-methylarginine ratios).
Altogether, these studies indicate that the lung is a critical organ for regulation of Arg metabolism, and that alterations in Arg metabolism may be informative for asthma. In support of this concept, increased levels of exhaled NO serves as a sensitive and specific biomarker of airway inflammation, reactivity, and airflow limitation in asthma (15) (16) (17) (26) (27) (28) (29) (30) (31) (32) (33) . Thus, we hypothesized that the quantitative assessment of Arg bioavailability would be associated with airflow abnormalities and inflammation, and that parameters of Arg metabolism and bioavailability might discriminate among severe and nonsevere asthma phenotypes (34) . To test this, plasma Arg, Orn, Cit, endogenous methylarginines, and steady-state Arg bioavailability, as assessed by ratio of Arg to products generated from enzymatic catabolism (Arg/[Orn 1 Cit]) and by ratio of Arg to its methylated forms, along with arginase activity, were determined in participants with severe and nonsevere asthma and healthy control subjects who were enrolled in the National Heart Lung Blood Institute-sponsored multicenter Severe Asthma Research Program (SARP). Traditional inflammatory parameters, including fraction of exhaled NO (FE NO ), IgE, skin test positivity to allergen, bronchoalveolar lavage (BAL), and blood eosinophils, were also evaluated. The findings reveal that subjects with asthma have increased systemic Arg catabolism, but still maintain greater Arg bioavailability as compared with healthy control subjects. Although quantitative assessment of the Arg metabolome was not related to inflammation in asthma, the finding of a selective relationship of Arg bioavailability to airflow obstruction in severe asthma supports the concept of a severe asthma phenotype distinct from nonsevere asthma (35) .
METHODS Subject Enrollment, Characterization, and Samples
All subjects were recruited by centers participating in the SARP (34, 36) , and gave written informed consent by signing a consent document approved by the institutional review board at the enrolling center and the SARP Data Safety and Monitoring Board. Severe asthma was defined by major and minor criteria, as described by the Proceedings of the American Thoracic Society Workshop on Refractory Asthma (37) . Subjects enrolled in SARP were classified as healthy control subjects, subjects with nonsevere asthma, or those with severe asthma. Healthy control subjects lacked any cardiopulmonary symptoms, and had normal baseline spirometry and negative methacholine challenge testing (34, 36) . Exclusion criteria for subjects with asthma and healthy control subjects included having any one of the following: current smoking, smoking within the past year, former smokers with >5 pack-year total history, and pregnancy.
In most cases, participants underwent blood draw and lung functions on the same day; otherwise, lung function testing and FE NO that were closest to the time at which blood was drawn was used for analyses. Blood was obtained by venipuncture from participants, separated into serum or plasma by centrifugation, then aliquotted into 1-ml samples for storage at 2808C until time of shipment on dry ice by overnight courier to the Cleveland Clinic laboratory for processing.
A subgroup of participants underwent bronchoscopy for BAL. BAL was performed by a standardized protocol at all centers. Two 50-ml aliquots of normal saline warmed to 378C were instilled using hand pressure on a syringe and recovered by hand suction one aliquot at a time. The return BAL was pooled, centrifuged, and the resulting cell pellet resuspended and cytospin prepared. Differential cell count was performed using Diff-Quik stain (Thermo Fisher Scientific, Swedesboro, NJ).
Lung Function and FE NO
Spirometry was performed with an automated spirometer, consistent with American Thoracic Society standards (38) . Measurements of lung function were collected for each of three or more efforts before and after the administration of two puffs (180 mg) of albuterol. Reference equations for spirometry were from the third National Health and Nutrition Examination Survey (NHANES III). Methacholine challenge testing was performed only on volunteers with baseline FEV 1 greater than 55%. FE NO was measured by an online method at a constant flow rate of 50 ml/second according to the standards published by the American Thoracic Society (39, 40) . Lung function and FE NO were performed on the same day.
Arginase Activity
Arginase activity was performed using aliquots of 50 ml of serum and measured by the conversion of [ 14 Arg, Orn, Cit, ADMA, MMA, and SDMA Analyses Quantification of Arg, Cit, Orn, ADMA, MMA, and SDMA in ethylenediaminetetraacetic acid plasma were performed using stable isotope dilution HPLC with online electrospray ionization tandem mass spectrometry (ESI/MS/MS) using an API 365 triple quadrupole mass spectrometer (Applied Biosystems, Foster City, CA) equipped with Ionics EP 101 upgrade (Concord, ON, Canada) and interfaced with a Cohesive HPLC (Franklin, MA), as previously described (42) . Briefly, [ 13 C 6 ]-Arg was added as internal standard, and then proteins were precipitated with acetonitrile. Acetonitrile was removed under vacuum, residue resuspended, and levels of amino acids quantified by high performance liquid chromatography with on-line electrospray ionization tandem mass spectrometry analysis. Amino acids were resolved on a 250 3 4.6 mm Rexchrom S5-100-P phenyl column (Regis Chemical, Morton Grove, IL) using a discontinuous gradient with 0.2% formic acid (solvent A), 10 mM ammonium formate in methanol (solvent B), and 10 mM ammonium formate in water (solvent C). The gradient used was as follows: the column was first equilibrated with 100% solvent A at 800 ml/ minute and held at this composition for 0.5 minutes after the injection. A linear gradient was then run to 25% solvent B, 25% solvent C (50% solvent A), over the next 3 minutes and held for 8 minutes at a flow rate of 800 ml/minute. At 11.5 minutes, the flow rate was increased to 1,000 ml/ minute and the solvent composition was changed to 100% solvent B in a linear fashion over 2.5 minutes, held at 100% solvent B for 3 minutes, and then changed to 100% solvent C at 1,000 ml/minutes for 3 minutes. Mass spectrometric analyses were performed online using ESI/MS/MS in the positive ion mode with multiple reaction monitoring, using unique characteristic parent/daughter ion transitions for each analyte. Cone potentials and collision energy were optimized for each analyte, and standard curves generated with [ 13 C 6 ]-Arg as internal standard. Each analyte monitored demonstrated near quantitative recovery, good linearity over multiple orders of magnitude in concentration range, and intra-and interassay coefficients of variance of less than 10%.
Statistical Analysis
Data are summarized using the mean and its SE. Student's t test is used to compare subjects with asthma and healthy control subjects, as well as subjects with severe and nonsevere asthma with respect to quantitative patient characteristics, clinical parameters, levels of amino acids, arginase, and FE NO . In situations in which the quantitative data are not normally distributed, a nonparametric Wilcoxon rank sum test is used. Group comparisons with respect to categorical variables are performed using chi-square tests or, alternatively, Fisher's exact test when expected cell counts were less than 5. Associations between quantitative variables are assessed using Spearman correlations. Linear regression modeling, controlling for various factors, including age, sex, and systemic corticosteroid use, is used to determine differences in covariate-adjusted mean values of inflammatory and metabolic parameters among the three groups, and also between severe and nonsevere asthma. Tukey's adjustment for multiple comparisons was performed with the threegroup comparisons. To determine whether the observed relationship for arginase and Arg bioavailability and airflow in severe asthma was different than those in nonsevere asthma, linear regression modeling with interaction terms accounting for difference in slopes of relationships between the asthma groups was performed. Multivariable linear regression analyses were also performed to investigate the ability to predict degree of airflow obstruction in asthma. Statistical analyses were performed with the JMP statistical program, version 5.0, and SAS version 9.1 (SAS Institute, Inc., Cary, NC).
RESULTS
Complete analysis of the Arg metabolic pathways was performed in 258 individuals (232 with asthma) enrolled in SARP. Volunteer characteristics and lung functions are shown in Table 1 . Children (ages 6-17 yr; 30 subjects with asthma and 2 healthy control subjects) are included within this population. A subgroup of participants underwent BAL for cell differential counts (78 participants: 16 healthy control subjects, 41 with nonsevere asthma, and 21 with severe asthma). Subjects with asthma had high IgE levels, systemic leukocytosis with eosinophilia, eosinophilia in BAL samples, and high FE NO as compared with healthy control subjects (Table 1) . Subjects with asthma had more positive skin tests than healthy control subjects, and subjects with nonsevere asthma had more positive skin tests than subjects with severe asthma. As expected based on classification of severity, subjects with severe asthma were more likely to be on inhaled and systemic corticosteroids as compared with subjects with nonsevere asthma (Table 2 ). Eosinophilia in blood or BAL, and FE NO , were similar among subjects with severe and nonsevere asthma.
Arginase Activity
Mean arginase activity of all subjects with asthma (0.6 6 0.1 mmol/ml/h) was greater than that of healthy control subjects (0.25 6 0.03 mmol/ml/h), with a significantly larger number of high arginase values (above 0.65 mmol/ml/h, the highest value measured in our healthy control group) in all subjects with asthma compared with control subjects (40/211 5 19% compared with 0/22 5 0%, respectively; Fisher's P 5 0.018). Arginase activity of subjects with nonsevere asthma (0.72 6 0.16 mmol/ml/h) was not significantly different from that of subjects with severe asthma (0.39 6 0.05 mmol/ml/h) (P 5 0.12), even when controlling for age, sex, and corticosteroid use among subjects with nonsevere and severe asthma (P 5 0.57).
The Arg Metabolome: Arg, Orn, Cit, and Methylarginines Plasma concentrations of Arg, Orn, Cit, ADMA, SDMA, and MMA were not significantly different among healthy control subjects and subjects with asthma as a group (all P values . 0.05, controlling for age, sex, and systemic corticosteroid use), although Orn tended to be lower in asthma (Orn: healthy control subjects, 23 6 2 mM; all asthma, 19.4 6 0.9 mM; P 5 0.06). However, when Arg availability for cellular utilization was evaluated by the ratio of Arg to products generated from enzymatic catabolism (Arg/[Orn 1 Cit]) and by its relationship to its inhibitory methylated forms (Arg/methylarginines), the asthma group had greater Arg availability compared with healthy control subjects (Arg/[Orn 1 Cit]: control subjects, 0.84 6 0.07; asthma, 1.03 6 0.04; P 5 0.03; Arg/methylarginine: control subjects, 64 6 5; asthma, 76 6 2; P 5 0.053). Given the differences among asthma and healthy control subjects, we evaluated Arg and its products among the severe and nonsevere asthma groups (Table 3) . Levels of methylarginines were significantly different among control subjects and severe and nonsevere asthma groups (Table 3) . Methylarginines were higher in severe than nonsevere asthma, even after adjusting for age, sex, and systemic corticosteroid use ( Table 3 ). The greater methylarginine levels in severe asthma, despite overall greater Arg availability in asthma collectively, could suggest potential interference with intracellular Arg utilization in severe asthma.
Arg Availability for NO Synthesis
Studies indicate that arginase and methylarginines may limit Arg availability for NO synthesis by NOS (9, 13, 43) . To estimate whether the serum arginase activity or plasma methylarginine levels reflect intracellular Arg utilization by NOS, FE NO was evaluated as a function of parameters of Arg availability and arginase activity. As anticipated, all parameters of Arg substrate availability for NOS correlated directly to FE NO in healthy control subjects (Table 4) . Greater arginase activity would lead to greater Orn production; thus, the trend for an inverse relationship of serum arginase activity to Arg/(Orn 1 Cit) was expected in healthy control subjects (P 5 0.08).
In contrast to the findings in healthy control subjects, the nonsevere asthma group tended to have a correlation between FE NO and only one parameter of Arg availability (Arginine:inhibitory methylarginine ratio) (P 5 0.053) ( Table 4 ). The severe asthma group had no significant association of FE NO to Arg parameters (Table 4) . On the other hand, the severe asthma group had a significant inverse correlation of serum arginase activity to Arg/(Orn 1 Cit), possibly suggesting greater influence of arginase on intracellular Arg utilization in severe asthma. The strong relationship of all parameters of Arg availability to FE NO in healthy control subjects, and the relationship of Arg/(Orn 1 Cit) to arginase activity in severe asthma, provides some confidence that the circulating levels of Arg and its metabolic products do reflect intracellular Arg utilization. The lack of relation between FE NO and Arg availability in asthma suggests that intracellular Arg metabolism is altered in asthma.
Relationship of Arg Bioavailability and Arginase Activity to Inflammatory Parameters and Lung Function
As in previous studies (15, 44, 45) , FE NO in nonsevere asthma was directly related to parameters of inflammation (FE NO correlation to: number of positive skin tests, R 5 0.29, P , 0.0001; IgE, R 5 0.34, P , 0.0001; blood eosinophils, R 5 0.221, P 5 0.005). However, FE NO was not associated with inflammatory parameters in severe asthma (all P . 0.1). Arginase activity and measures of Arg availability were generally unrelated to all parameters of inflammation (skin test positivity, BAL or blood eosinophils, and FE NO ) within the severe or nonsevere asthma groups (all P . 0.1), except for an association within the nonsevere asthma group of IgE to Arg/(Orn 1 Cit) (R 5 0.28, P 5 0.03) and to Arg/(ADMA 1 MMA 1 SDMA) (R 5 0.34, P 5 0.01). Thus, Arg bioavailability and arginase, unlike FE NO , were not related to traditional markers of inflammation in asthma, and were not surrogates for exhaled NO measure.
FE NO was associated with worse airflow and greater hyperresponsiveness within the nonsevere asthma group, but was unrelated to hyperresponsiveness or airflow measures in severe asthma (Table 5 ). In contrast, arginase activity was inversely related to airflow in severe asthma, but not in nonsevere asthma ( Figure 1 and Table 5 ). Likewise, greater Arg availability was strongly associated with better airflow within the severe asthma group (Table 5 and Figure 1 ), but unrelated to airflow in nonsevere asthma (Table 5) . Arginase activity and Arg availability were also related to bronchodilator response in severe asthma (Table 5) .
To determine whether the observed relationship for arginase and Arg bioavailability to airflow in severe asthma is significantly different than nonsevere asthma, linear regression modeling with interaction terms accounting for difference in slopes of relationships between the asthma groups was performed. There was a trend toward significance for the difference in slopes of the relationships of arginase activity and airflow between nonsevere and severe asthma groups (P 5 0.10). There was a significant difference in the slopes of the relationships of Arg availability and airflow between severe and nonsevere asthma (P 5 0.01).
To explore the association of Arg bioavailability, inflammation, and airflow obstruction, multivariable linear regression analyses were performed for ability to predict degree of airflow obstruction in asthma. We modeled lung function parameters of FEV 1 , % predicted (%FEV 1 ) and/or FEV 1 :FVC ratio using parameters that reflect inflammation and atopy (FE NO In nonsevere asthma, using the same variables, a significant model could not be derived to predict %FEV 1 or FEV 1 /FVC (all P . 0.1). This preliminary predictive model supports the conclusion that Arg bioavailability is uniquely associated with airflow obstruction in severe asthma.
DISCUSSION
A wealth of studies confirms that the NO/arginine pathway plays a role in the inflammation and injury of the asthmatic airway (21, 26, 27, 46, 47) . Recent studies also suggest that the arginase/Arg pathway may be coordinately involved in asthma (1, 8, 21, 22) . The current study extends our understanding of Arg metabolic pathways in asthma. First, the results reveal that subjects with asthma have higher arginase activity and FE NO than healthy control subjects, which verifies that asthma is a disease characterized by increased Arg catabolism ( Figure 2B ), but assessment of steady-state bioavailability of Arg using the ratio of Arg-toendproducts suggests that subjects with asthma are still able to maintain a balance of greater Arg availability than healthy control subjects. Contrary to the hypothesis, measures of arginase and Arg availability are not synonymous with measures of exhaled NO in asthma, and do not serve as surrogate biomarkers of inflammation. The severe asthma group had increased levels of methylarginines compared with the nonsevere asthma group, which indicates a change in Arg metabolism, and perhaps less availability of Arg for intracellular NOS utilization. Differences in corticosteroid usage and age among subjects with severe and nonsevere asthma may contribute to the alterations in Arg metabolism, but, nevertheless, parameters of Arg bioavailability are uniquely predictive of airflow obstruction in severe asthma and disconnected from inflammation (1, 5) . Subjects with asthma experiencing exacerbations and presenting acutely to the emergency room have greater serum arginase activity compared with control subjects without asthma, and, in a small subgroup of these individuals, treatment decreases arginase activity (1). In the current study, although not undergoing acute exacerbation, subjects with severe and nonsevere asthma have greater arginase activity than control subjects. Subgroup analyses suggests that the condition of asthma itself was the determinant of arginase activity differences among healthy control subjects and subjects with asthma, but the inability to control for variable corticosteroid dosage was a limitation in the analyses. In other studies, arginase genes are strongly induced in experimental models of allergen-induced asthma (2, 4, 5, 21, 48) . Arginase I is strongly induced by Th2 cytokines, such as IL-4 and IL-13, which are increased in asthma and related to the atopic phenotype (49) (50) (51) . These studies suggest that arginase expression and activity is a downstream consequence of allergen-induced gene activation in asthma (52) . Here, subjects with severe and those with nonsevere asthma had evidence of atopic inflammation with BAL and blood eosinophilia, high levels of IgE, and skin test positivity to allergens, which may have influenced arginase activity, but no Arg, a semiessential amino acid, is the substrate for nitric oxide synthases (NOS) and arginases. Methylarginines released during protein breakdown, such as ADMA, MMA symmetric dimethylarginine (SDMA), can influence Arg metabolism (e.g., ADMA and MMA competitively inhibit NO synthesis). Subjects with asthma have overall greater activation of both NOS and arginase pathways as compared with healthy control subjects. Severe asthma is characterized by a unique Arg metabolic profile that includes greater methylarginine levels than nonsevere asthma.
association was found between arginase activity and parameters of inflammation.
In this context, a limitation of the study is that serum measures may not reflect pulmonary or intracellular levels. For example, although circulating Arg levels are similar among control subjects and those with asthma in this study, prior study shows that bronchial epithelial cells from asthmatic airways have more than threefold higher Arg levels compared with cells from healthy control subjects (47) . On the other hand, the strong correlation of FE NO to Arg availability in healthy control subjects, which is expected, as Arg is the substrate for NOS (8, 13, 53, 54) (Figure  2B ), validates that measures of the Arg metabolome in plasma reasonably reflect Arg availability to intracellular enzymes. Interestingly, an association between FE NO and Arg bioavailability is not found in asthma, which might be due to multiple causes, including dietary differences among participants, corticosteroid effects, and/or changes in intracellular Arg and methylarginines transport and metabolism. For example, environments with high oxidative stress have been shown to decrease the activity of a key enzyme by which ADMA is metabolized-dimethylarginine dimethylaminohydrolase (DDAH) (55)-whereas the cationic transporter for intracellular transport of Arg is induced in experimental models of allergen-induced asthma (2, 4, 5, 21, 48) . Given the oxidative stress in asthma (36) , diminished metabolism of methylarginines may contribute to alterations in Arg metabolism, particularly in severe asthma.
One of the more remarkable findings in the present study is the striking and unique relationship observed between quantitative measures of lung function and serum arginase activity and indices of Arg bioavailability in severe asthma. These results provide new insights into metabolic mechanisms that may lead to airway remodeling and obstruction in severe asthma (56) . Results from the current study implicate arginase in airway obstruction in severe asthma, which may occur in part through the well-described effects of arginase on cell proliferation (57) . In general, arginase expression is limiting for polyamine synthesis via production of Orn, its precursor (57) . Polyamines are required for DNA synthesis and cell proliferation (58, 59) , and for synthesis of proline, the precursor for collagen production (60, 61) . Consistent with the finding of greater arginase activity in asthma in the current study, serum levels of polyamines are elevated in subjects with asthma and in experimental models of asthma (5, (62) (63) (64) (65) . Taken together with previous studies, the present cross-sectional observational study identifies alterations of Arg metabolism in asthma. Arg bioavailability and arginase are increased in asthma, but are not biomarkers of inflammation, and are unrelated to NO, but rather, uniquely track airflow abnormalities in severe asthma.
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